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Abstract 
Based on researching of Bluetooth Protocol, a kind of Bluetooth data transferring system based on MCU-controlling 
has been proposed in the paper. In the system, the MCU in which the Bluetooth HCI protocol has been embedded is 
used to control the Bluetooth module on UART and make the Bluetooth devices in the Bluetooth network establish 
connection and transfer data automatically. In the hardware design, the chip C8051F020 is selected as the host 
controller. Because chip C8051F020 has two UART serial interfaces, it can meet the requirement of design, simplify 
the circuit and enhance system anti-jamming capability. The Bluetooth module used in the system is CSR Bluetooth 
Core 4 with Bluetooth Standard 2.0 class 1 which has the advantages of high signal sensitivity, long distance of 
connection and easy to use.. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Bluetooth is a radio technology, supporting communication of device in short distance, and making 
wireless information transfer between numerous devices possible. The Bluetooth has been used in a series 
of technologies, methods and theories for hardware and software designs. For example, wireless 
communication and technologies in network, engineering and software dependability theory, protocol 
testing technology, standard describing language, built-in RTOS, cross-platform development and 
graphical user interfaces technology, interface technology for software and hardware, and CMOS chips 
integration technology etc.[1]. Because of the small size and the low power, the application of Bluetooth 
technology is more than a computer’s peripheral device. It can be integrated inside of any digital device, 
especially for micro devices and portable devices, which do not require high quality on transfer speed.  
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In modern life, with fast development of digital technology, the wireless information transfer is 
needed frequently between all kinds of digital devices and computers. Especially in industrial control and 
data collection, a secure wireless way to connect and exchange information between computer and MCU 
is particularly important. Based on the problem, a Bluetooth communication system based on MCU-
controlling is proposed in the paper. The system is controlled by MCU and can communicate with any 
other Bluetooth device in the range of Bluetooth network, such as cellar phone, PDA etc. 
2. Overview of Bluetooth Protocol Stack 
2.1. Protocol Standards and Specification of Bluetooth 
Bluetooth uses a variety of protocols. Core protocols are defined by the trade organization Bluetooth 
SIG (Special Interest Group). Additional protocols have been adopted from other standards bodies. In this 
section, an overview of the core protocols and those adopted protocols that are widely used will be fully 
discussed. Core protocols provide the standards and qualification for Bluetooth products.  
Currently, the Bluetooth specification has several versions 1.0, 1.1, 2.0, 2.1, 3.0, 4.0[2]. On April 21, 
2010, the Bluetooth SIG completed the Bluetooth Core Specification version 4.0, which includes Classic 
Bluetooth, Bluetooth high speed and Bluetooth low energy protocols. Bluetooth high speed is based on 
Wi-Fi, and Classic Bluetooth consists of legacy Bluetooth protocols[3].
Bluetooth is a standard wire-replacement communications protocol primarily designed for low power 
consumption, with a short range (power-class-dependent: 100 m, 10 m and 1 m, but ranges vary in 
practice; see table below) based on low-cost transceiver microchips in each device. Because the devices 
use a radio (broadcast) communications system, they do not have to be in line of sight of each other.
TABLE I.   PARAMETERS OF EACH CLASS
Maximum Permitted PowerClass
mW dBm 
Range
(approximate)
Class 1 100 20 100 meters 
Class 2 2.5 4 10 meters 
Class 3 1 0 1 meter 
In most cases the effective range of class 2 devices is extended if they connect to a class 1 transceiver, 
compared to a pure class 2 network. This is accomplished by the higher sensitivity and transmission 
power of Class 1 devices. While the Bluetooth Core Specification does mandate minimums for range, the 
range of the technology is application specific and is not limited. Manufacturers may tune their 
implementations to the range needed to support individual use cases. 
The Bluetooth Specification includes two parts: Protocol Specification and Application Framework. 
The Protocol Specification defines Bluetooth protocols on each layer and the Application Framework 
indicates that how to use those protocols to manufacture applications. 
The Protocol Stack can be divided into three parts from top to bottom: Transfer Protocol, Mediation 
Agreement and Application Protocol. The Transfer Protocol, including LMP, L2CAP, HCI, are in charge 
of confirming the mutual position of Bluetooth devices, establishing the physical link and logical link and 
managing them. The Mediation Agreement provide support for high-level application protocol or 
programs which work on the Bluetooth logical link, and provide application layer with all kinds of 
interfaces (such as RFCOMM, SDP, IrDA, PPP, UDP, TSC and AT instruction set etc.). 
2.2.  Bluetooth Core Protocol 
Bluetooth Core Protocol is divided into four parts as: 
1) Baseband Protocol (BP) 
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Baseband layer, also known as baseband packet, is a physical layer protocol in the Bluetooth protocol 
stack. The Baseband in the Bluetooth manages physical channels and links apart from other services like 
error correction, data whitening, hop selection and Bluetooth security. The Baseband layer lies on top of 
the Bluetooth radio layer in the Bluetooth stack. The baseband protocol is implemented as a Link 
Controller, which works with the link manager for carrying out link level routines like link connection 
and power control. The baseband also manages asynchronous and synchronous links, handles packets and 
does paging and inquiry to access and inquire Bluetooth devices in the area. 
2) Link Management Protocol (LMP) 
It is used to establish the link between Bluetooth devices, and for the control of the radio link. It is 
implemented on the host controller. 
3) Logical Link Control and Adaptation Protocol (L2CAP) 
It is an adaptation protocol which shield baseband protocol for high-level transfer layer protocol and 
application layer protocol. It provides high-level application layer and transfer layer with more effective 
data packet format.  It is used to multiplex multiple logical connections between two devices using 
different higher level protocols. It provides segmentation and reassembly of on-air packets. 
In Basic mode, L2CAP provides packets with a payload configurable up to 64kB, with 672 bytes as 
the default MTU, and 48 bytes as the minimum mandatory supported MTU. 
In Retransmission & Flow Control modes, L2CAP can be configured for reliable or isochronous data 
per channel by performing retransmissions and CRC checks. 
Bluetooth Core Specification Addendum 1 adds two additional L2CAP modes to the core 
specification: Enhanced Retransmission Mode (ERTM) [4] and Streaming Mode (SM) [5]. These modes 
effectively deprecate original Retransmission and Flow Control modes. 
Reliability in any of these modes is optionally and/or additionally guaranteed by the lower layer 
Bluetooth BDR/EDR air interface by configuring the number of retransmissions and flush timeout (time 
after which the radio will flush packets). In-order sequencing is guaranteed by the lower layer. 
4) Service Discovery Protocol (SDP) 
SDP play a very important role in Bluetooth framework and it is the base of all of user mode. It allows 
a device to discover services supported by other devices, and their associated parameters. For example, 
when connecting a mobile phone to a Bluetooth headset, SDP will be used for determining which 
Bluetooth profiles are supported by the headset (Headset Profile, Hands Free Profile, Advanced Audio 
Distribution Profile (A2DP) etc.) and the protocol multiplexer settings needed to connect to each of them. 
Each service is identified by a Universally Unique Identifier (UUID), with official services (Bluetooth 
profiles) assigned a short form UUID (16 bits rather than the full 128). In Bluetooth system, only by SDP, 
can clients get information of devices, information of service and service features to establish different 
SDP layer link[6].
2.3.  HCI Protocol 
HCI (Host Controller Interface) standardizes communication between the host stack (e.g., a PC or 
mobile phone OS) and the controller (the Bluetooth IC). This standard allows the host stack or controller 
IC to be swapped with minimal adaptation. 
HCI belongs to Bluetooth Protocol Stack, which is a standard interface, defined by Bluetooth 
Specification. It fits for the hardware of Bluetooth communication module. The definition describes the 
interface between HCI driver and host controller firmware.  
HCI transport layer is the physical interface between Bluetooth host and Bluetooth host controller. 
Presently, the physical interface of HCI transport layer was constituted by Universal Serial Bus (USB), 
Serial Port (RS232), Universal Asynchronous Receiver Transmitter (UART) and personal computer 
memory card[7]. The most commonly used are USB (in PCs) and UART (in mobile phones and PDAs). 
On UART Transport Layer, the Bluetooth HCI Protocol can be used between the two UART serial ports 
which are on the same PCB board[8].
The system uses UART to transfer data between Bluetooth host and Bluetooth host controller. The 
UART takes bytes of data and transmits the individual bit in a sequential fashion. At the destination, a 
second UART re-assembles the bits into complete bytes. Each UART contains a shift register which is the 
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fundamental method of conversion between serial and parallel forms. Serial transmission of digital 
information (bits) through a single wire or other medium is much more cost effective than parallel 
transmission through multiple wires. 
Usually, the UART does not generate or receive the external signals used between different items of 
equipment directly. Separate interface devices are used to convert the logic level signals of the UART to 
and from the external signaling levels. External signals may be of many different forms. Examples of 
standards for voltage signaling are RS-232, RS-422 and RS-485 from the EIA. Historically, the presence 
or absence of current (in current loops) was used in telegraph circuits. Some signaling schemes do not use 
electrical wires. Examples of such are optical fiber, IrDA and Bluetooth in its Serial Port Profile (SPP). 
Some signaling schemes use modulation of a carrier signal (with or without wires). Examples are 
modulation of audio signals with phone line modems, RF modulation with data radios, and the DC-LIN 
for power line communication. The communication may be "full duplex" or "half duplex". 
In the system, UART uses RS232 interface parameter configuration, as table II,
TABLE II.      RS232 INTERFACE PARAMETER CONFIGURATION 
Baud rate Specific information
Data bits 8
Parity none
Stop bit 1
Flow control RTS/CTS
Flow time 3ms
Using RTS/CTS is to avoid that UART buffer overflow. It allows host controller or Bluetooth host to 
transfer data when the value of CTS is 1, and does not when the value is 0. Complete flow time is the max 
time from setting the value of RTS to 0 to the flow transfer finishing[9].
UART signal line sets Modem mode to null and RS232 in connection status. To RS232, the local 
TXD is linked with remote RXD and vice versa. 
UART have the function of correction. It must be reset when the Bluetooth host lost connection with 
the host controller. Out of sync of RS232 means that HCI packet indicator or HCI packet length is out of 
the range[10]. The host controller will send the information of hardware-downtime to Bluetooth host, 
informing the Bluetooth host of error message, if it is out of sync between host controller and Bluetooth 
host. For resynchronization, the host controller needs accepting a command from Bluetooth host to reset. 
3. System Design 
Fig. 1.   System hardware design 
After researching the Bluetooth Protocol, we take the design of the system by using the mode that the 
Bluetooth module (Bluetooth) connects with the host controller (MCU). In the system, MCU will accept 
AT commands to control the Bluetooth module on UART.  
2113Jia LIU et al. / Procedia Engineering 29 (2012) 2109 – 2115Jia LIU, Guangmin SUN*, Dequn ZHAO, Xu YAO, Yihang ZHANG / Procedia Engineering 00 (2011) 000–000 5
The system design has several technical targets, as follows, 
1) Automatic connection mode 
To this connection mode, we should pair two Bluetooth-MCU devices which have same hardware 
structure but different physical addresses in advance. The two devices will connect automatically if they 
reach the connection distance. 
2) FLASH storage 
A FLASH chip is carried on the MCU. The data which is to be sent can be stored in the FLASH and it 
will be send automatically when it establishes a link between the two devices. The data will not be sent 
more than once. 
3) Function of searching and selecting 
The master device can search all the devices with the same model with it and other devices with the 
Bluetooth function in the network. The format of searching result is as “device address + device type + 
signal strength” and the master device will determine which device to link after searching. 
4) Receive mode 
The system has two receive modes: one is that the Bluetooth-MCU device connects with other 
intelligent terminals like PC and the intelligent terminals are charge of data transferring. 
The other is that there is no terminal connects with the Bluetooth-MCU device and the data will be 
sent to the FLASH directly. The mode removes the terminal part, making device more portable, and the 
device can establish link with others and transfer data automatically at any time without informing any 
others or triggering any key. 
The system is divided to two parts, the one is the Bluetooth module with Bluetooth HCI Protocol, and 
the other is MCU which play a role of host controller, carrying a FLASH storage chip on it. 
4. System Hardware Structure 
The system, controlled by MCU on serial port, can configure the parameters of Bluetooth module and 
transfer data automatically.  
Fig. 2.   Hardware structure of Bluetooth-MCU system
4.1.  Selection of chips 
1) MCU 
The system host controller selects the chip of C8051F020. The C8051F020 is mixed-signal system-
level MCU. It is compatible with CIP-51 Kernel and it also has SPI interface and two UART serial 
interfaces, which can meet the requirement of design, simplify the circuit and enhance system anti-
jamming capability.
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C8051F020 has the advantages of fewer extended chips, simple structure, more resources, higher 
computing speed, simply programming and easy to upgrade, comparing with common MCU. It can be 
guaranteed in the reliability and stability. 
2) Bluetooth module 
The Bluetooth module uses the Bluetooth chip of CSR Bluetooth Core4 with Bluetooth Standard 2.0 
class 1. The Bluetooth Core4 has the advantages of high signal sensitivity, long distance of connection 
and easy to use. It can view and configure parameters with AT commands, meeting the requirement of 
data transferring on wireless serial port. 
The Bluetooth module supports all the Bluetooth Protocols. It uses serial communication mode and 
can convert between universal serial interface and Bluetooth data transmission. The module with the 
structure of multi-slave can communicate with at most 7 remote Bluetooth master devices which have 
SPP in it at the same time. It uses AT commands to set control parameters or issue control commands and 
supports kinds of baud rates. The Hardware flow control is also supported and the maximum baud rate of 
connection is 1382400bps. The communication band of the module is Bluetooth Standard 2.4GHz. The 
Bluetooth module includes three parts: Baseband controller, Bluetooth adaptor and 2.4GHz RF module. 
The Bluetooth adaptor, adding additional power amplifier and external antenna, expands the Bluetooth 
communication range so that the maximum connection distance can reach 1800M in an ideal environment.  
3) FLASH chip 
FLASH chip uses AT45DB161D-SU produced by Atmel. Its storage capacity is 16M, and the supply 
voltage range is 2.7V-3.6V, the maximum operating current is 15mA. 
4.2.  Connection of host controller and Bluetooth module
The MCU uses the crystal with the frequency of 22.1184MHz, and the connection baud rate of 
Bluetooth module and MCU is 38400bps. MCU play the role of host controller in the system and its 
connection with Bluetooth module should be on HCI. HCI includes two parts, one is the host controller 
which connects with Bluetooth module, and the other is the software of command interface. 
5. Conclusion 
Based on researching of Bluetooth Protocol, especially Bluetooth Core Protocol and Bluetooth HCI 
Protocol, a kind of Bluetooth data transferring system based on MCU-controlling is proposed in the paper, 
providing solutions to product development for low-cost and portable Bluetooth devices.  
By using the system, the connection can be established automatically between two Bluetooth devices 
with the same model but different physical address, which are paired in advance. The system has 
developed the file transfer protocol on the peer layers of the terminals so that file can be transferred 
automatically. On the basis, the system can be expanded to the mode of point to multi-point or Ad hoc 
networks. 
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